Despite dynamic inputs, neuronal circuits maintain relatively stable firing rates over long periods.
receptors at synapses (Turrigiano et al., 1998) , is impaired by both acute blockade of transcription Spike data was binned into 5 minute bins in MATLAB (Mathworks, Natick, MA) and then analyzed rate, post-stimulation firing rate, and final firing rate were determined for each condition by calculating the average median firing rate in the last 3 hours of baseline, 30 minutes to 3 h 30 min 191 after adding PTX, and the last 3 hours of the 30-hour PTX exposure (respectively).
193
We included in the analysis only units whose firing rates were stably above 0.001 Hz for at least 194 28 hours of the experiment, and whose post-stimulation firing rate was greater than baseline 
203
To determine the length of time it took for median firing rates to achieve homeostasis, we first 204 calculated a rolling standard deviation of the median firing rate over 6h bins. We then determined 205 homeostasis firing rate, that is the firing rate at the time point after PTX addition where the rolling 206 standard deviation was lowest. We said that the median had achieved homeostasis at the time 207 point post-PTX when the median firing rate first reaches at least 102.5% of the homeostasis firing 208 rate.
Neurons undergo firing rate homeostasis in response to PTX treatment 259
To assess firing rate homeostasis, we measured the firing rates of individual neurons over a period 260 of ~30 hours in the presence of a pharmacological perturbation that increased neuronal activity.
261
We cultured dissociated neonatal mouse cortical neurons on microelectrode arrays (MEAs) and 262 stimulated them with the GABAA receptor antagonist PTX (2.5uM). In addition to PTX, we also 263 tested other pharmacological stimuli but found that PTX was the most reliable for inducing 264 increases in firing rate that were followed by firing rate homeostasis (see Methods, Table S1 ). To 265 obtain the firing rates of individual units that likely represent single neurons, we spike-sorted the 266 action potential wave forms obtained from MEA recordings (see Methods). In each experiment,
267
we first recorded baseline neuronal firing rates over a period of 3 hours. We then stimulated with 268 PTX, which induces an initial 2-fold median change in firing rate ( Figure 1A , S1A). Over the next 269 ~20 hours, the median neuronal firing rate returned to baseline values ( Figure 1A , S1B). This 270 adaptation of median firing rate could occur even if the firing rates of many neurons in the culture 271 do not adapt. We therefore asked whether the distribution of firing rates was altered by PTX 272 treatment. While PTX treatment initially shifts the distribution of firing rates ( Figure 1B ), the 273 firing rate distribution post-homeostasis (i.e., the last three hours of recording) is not significantly 274 different from the distribution during the baseline measurement ( Figure 1C ), suggesting that the 275 distribution of firing rates in the circuit also homeostatically adapts. Therefore, we observe firing 276 rate homeostasis in response to PTX stimulation.
278
We next asked whether the apparent firing rate homeostasis that we observed is genuine or due 279 to potential artifacts of the assay. First, we asked whether the increase in neuronal activity that we observed following PTX treatment was due to GABAA blockade or if it was a side effect of 281 adding PTX (e.g., media perturbation). We found that neurons treated with a DMSO vehicle do not 282 exhibit an increase in median firing rate or a change in the distribution of firing rates over the 30 283 hours following addition of the vehicle ( Figure 1D -F, S1A,C), suggesting that the increase in 284 neuronal activity upon stimulation is due to the PTX-mediated GABAA block. Next, we asked 285 whether the firing rate homeostasis that we observed can be explained by a decrease in PTX 286 potency over course of the assay. We transferred PTX-containing media from PTX-treated 287 neurons to untreated neurons at the end of a 30-hour experiment ( Figure 1G ). The addition of 288 PTX-containing media increased the firing rates of the previously-untreated neurons to the same 289 extent as the initial PTX treatment ( Figure 1H -K, S1F-G), indicating that the PTX maintains its full 290 potency throughout the experiment. In contrast, neurons newly treated with DMSO-containing 291 media exhibited no such increase in firing rate (Figure S1E-F). Finally, we asked whether the firing 292 rate homeostasis we observe is due to a desensitization of the GABAA receptor to PTX. If the PTX-293 mediated GABAA blockade were to persist throughout the end of the experiment, removal of PTX 294 should induce an immediate increase in inhibition and decrease in firing rates. Indeed, we 295 observed a decrease in firing rates upon removal of PTX post-homeostasis ( Figure 1H ,L, S1H), 296 suggesting that the firing rate homeostasis we observe results from neurons lowering their overall 297 excitability to adapt to persistent PTX-mediated activation, rather than from desensitization of 298 the GABAA receptor. We observed no such decrease in firing rate upon removal of DMSO ( Figure   299 S1D), indicating that the decreased excitability upon PTX withdrawal is not simply due to a change 300 in media. Thus, we are able to measure firing rate homeostasis that occurs via adaptations in 301 excitability in response to persistent neuronal stimulation. 
381
PTX treatment, 42% of units showed firing rates higher in the last 3 h than at baseline; this is not greater than 50% 382 expected: p = 0.989 binomial test. For DMSO treatment, 37% of units showed firing rates higher in the last 3 h than 383 at baseline; this is not greater than 50% expected: p = 0.999 binomial test.
384
(B) Same as (A) but comparing firing rates from before stimulation (baseline, -3h to 0h) to soon after addition of PTX 385 or DMSO (post-stimulation, 0.5-3.5h). For PTX treatment, 100% of neurons showed firing rates higher in the last 3 386 h than at baseline; this is greater than 50% expected: p < 10 -15 binomial test. For DMSO treatment, 46% of neurons 387 showed firing rates higher in the last 3 h than at baseline; this is not greater than 50% expected: p = 0.883 binomial 388 test. kinetics. Furthermore, we confirmed that compared to neurons from heterozygote littermates,
438
Arc KO neurons showed similar baseline firing rate medians and distributions (Figure 3C, S3C ) and 439 responded similarly to PTX ( Figure 3D ). In addition, treatment with a DMSO vehicle in the place of indistinguishable-both in extent of adaptation and kinetics-from that of control neurons,
443
indicating that firing rate homeostasis still occurs in the absence of Arc.
445
Firing rate homeostasis occurs in the absence of SRF and AP1
446
We next hypothesized that other ARGs may compensate for the loss of Arc, or be independently 447 required, in regulating firing rate homeostasis. We therefore aimed to simultaneously block the 448 activity-regulated transcription of many ARGs by manipulating activity-regulated transcription 449 factors. We focused on two transcription factors. First, we knocked out SRF, which is required for 
457
CaMKII-Cre to knockout SRF or AP1 in excitatory neurons and confirmed conditional KO by 458 western blot, immunocytochemistry, or qPCR ( Figures S4A, S5A) . In all analyses, we compared 459 Cre-infected neurons to neurons of the same genotype infected with AAV-CaMKII-GFP.
461
To determine whether SRF or AP1 are required for firing rate homeostasis, we measured the firing 462 rates of SRF and AP1 cKO neurons in response to 30 hours of PTX stimulation. By 27h of firing rate adaptation in Cre-treated SRF and AP1 cKO neurons is indistinguishable from that of 
